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TITLE OF THE INVENTION 

MIM CAPACITOR 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
5 benefit of priority from the prior Japanese Patent 

Applications No. 11-354473 , filed December 14, 1999; 
No. 2000-368693, filed December 4, 2000, the entire 
contents of which are incorporated herein by reference. 
r% BACKGROUND OF THE INVENTION 

•S3 P 

i,s 1 

sj 10 The present. invention relates to a MIM 

I* (Metal-Insulator-Metal ) capacitor. 

y l 

ijs In recent years, for example, the plausibility of 

f r forming an RF analog device and CMOS logic device on 

«s one chip is being examined. The RF analog device 

15 includes a resistor, coil, and capacitor, whereas the 

CMOS logic device is formed from a MOS transistor. 

To form an RF analog device and CMOS logic device 
on one chip, the manufacturing processes of these 
devices must be integrated. For example, the process 
2 0 of the RF analog device is integrated based on the CMOS 

logic process to develop a new RF-CMOS process. 

The first problem in integrating the processes is 
the structure and process of a MIM capacitor. For 
example, when the gate length of a MOS transistor is 
2 5 0.1 iim or less, the use of Cu (copper) as a wiring 

material is examined to reduce the wiring resistance 
and the like. 
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However, Cu has a large diffusion coefficient. 
When, therefore, a MIM capacitor having a Cu electrode 
is formed, Cu diffuses into a capacitor insulating film 
to increase the leakage current. 
5 When Cu is used as a wiring material, a Cu wiring 

line is formed by a so-called damascene process because 
of the processing precision and flatness. At this time, 
the electrode of the MIM capacitor is also formed by 
the damascene process, and thus suffers problems caused 

10 by the damascene process, e.g., dishing and reduction 

in electrode area in avoiding dishing. 

BRIEF SUMMARY OF THE INVENTION 
It is an object of the present invention to 
provide a manufacturing process for satisfactorily 

15 preventing the leakage current even when the electrode 

of a MIM capacitor is formed from a material such as Cu 
having a large diffusion coefficient, and avoiding 
dishing and reduction in electrode area even when the 
damascene process (CMP process) is employed. 

20 A MIM capacitor according to the present invention 

comprises first and second electrodes formed from a 
metal material, a capacitor insulating film, a first 
diffusion prevention film interposed between the 
capacitor insulating film and the first electrode to 

25 prevent diffusion of the metal material, and a second 

diffusion prevention film interposed between the 
capacitor insulating film and the second electrode to 
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prevent diffusion of the metal material. 

A manufacturing method of a MIM capacitor 
according to the present invention comprises the steps 
of forming a first electrode from a metal material by a 
5 damascene process, forming on the first electrode a 

first insulating film having a function of preventing 
diffusion of the metal material, removing part of the 
first- insulating film to use the part as a capacitor 
«i area, forming in the capacitor area a first diffusion 

Z\ 10 prevention film having a function of preventing 

j j 

j« diffusion of the metal material, forming on the first 

diffusion prevention film a capacitor insulating film, 
a second diffusion prevention film having a function of 
preventing diffusion of the metal material, and a 
88 fe 15 second insulating film having the same function as the 

=1 first insulating film, forming an interlevel insulating 

film on the first and second insulating films, forming 
using the damascene process trenches reaching the first 
electrode and the second diffusion prevention film in 
20 the interlevel insulating film and the first and second 

insulating films, and filling the metal material in the 
trenches to form a wiring line connected to the first 
electrode and a second electrode connected to the 
second diffusion prevention film. 
25 Additional objects and advantages of the invention 

will be set forth in the description which follows, and 
in part will be obvious from the description, or may be 



learned by practice of the invention. The objects and 
advantages of the invention may be realized and 
obtained by means of the instrumentalities and 
combinations particularly pointed out hereinafter. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

The accompanying drawings , which are incorporated 
in and constitute a part of the specification, 
illustrate presently preferred embodiments of the 
invention , and together with the general description 
given above and the detailed description of the 
preferred embodiments given below, serve to explain the 
principles of the invention. 

FIG. 1 is a plan view showing the first embodiment 
of a MIM capacitor according to the present invention; 

FIG. 2 is a sectional view taken along the line 
II - II in FIG. 1; 

FIG. 3 is a plan view showing one step in 
manufacturing a device in FIGS. 1 and 2; 

FIG. 4 is a sectional view taken along the line 
IV - IV in FIG. 3; 

FIG. 5 is a plan view showing a layout example of 
the first electrode of the capacitor; 

FIG. 6 is a plan view showing another layout 
example of the first electrode of the capacitor; 

FIG. 7 is a plan view showing still another layout 
example of the first electrode of the capacitor; 

FIG. 8 is a plan view showing another step in 



manufacturing the device in FIGS. 1 and 2; 

FIG. 9 is a sectional view taken along the line 
IX - IX in FIG. 8; 

FIG. 10 is a plan view showing still another step 
in manufacturing the device in FIGS. 1 and 2; 

FIG. 11 is a plan view showing still another step 
in manufacturing the device in FIGS . 1 and 2 ; 

fig. 12 is a sectional view taken along the line 
XII - XII in FIG. 11? 

FIG. 13 is a plan view showing a layout example of 
the second electrode of the capacitor; 

FIG. 14 is a plan view showing another layout 
example of the second electrode of the capacitor; 

FIG. 15 is a plan view showing still another 
layout example of the second electrode of the 
capacitor; 

FIG. 16 is a sectional view showing the second 
embodiment of a MIM capacitor according to the present 
invention; 

FIG. 17 is a sectional view showing one step in 
manufacturing a device in FIG. 16; 

FIG. 18 is a sectional view showing another step 
in manufacturing the device in FIG. 16; 

FIG. 19 is a sectional view showing still another 
step in manufacturing the device in FIG. 16; 

FIG. 2 0 is a sectional view showing still another 
step in manufacturing the device in FIG. 16; 
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FIG. 21 is a sectional view showing the third 
embodiment of a MIM capacitor according to the present 
invention; 

FIG. 22 is a sectional view showing one step in 
5 manufacturing a device in FIG. 21; 

FIG. 2 3 is a sectional view showing another step 
in manufacturing the device in FIG. 21; 

FIG. 24 is a sectional view showing still another 
step in manufacturing the device in FIG. 21; 
10 FIG. 2 5 is a sectional view showing still another 

step in manufacturing the device in FIG. 21; 

FIG. 2 6 is a sectional view showing still another 
step in manufacturing the device in FIG. 21; 

FIG. 2 7 is a plan view showing a layout example of 
15 the second electrode of the capacitor; 

FIG. 2 8 is a sectional view showing the fourth 
embodiment of a MIM capacitor according to the present 
invention; 

FIG. 29 is a sectional view showing one step in 
20 manufacturing a device in FIG. 28; 

FIG. 30 is a sectional view showing another step 
in manufacturing the device in FIG. 28; 

FIG. 31 is a sectional view showing still another 
step in manufacturing the device in FIG. 28; 
25 FIG. 32 is a sectional view showing still another 

step in manufacturing the device in FIG. 28; 

FIG. 33 is a sectional view showing still another 



step in manufacturing the device in FIG. 28; 

FIG. 34 is a sectional view showing the fifth 
embodiment of a MIM capacitor according to the present 
invention; 

FIG. 35 is a plan view showing one step in 
manufacturing a device in FIG. 34; 

FIG. 36 is a sectional view taken along the line 
XXXVI - XXXVI in FIG. 35; 

FIG. 37 is a sectional view showing another step 
in manufacturing the device in FIG. 34; 

FIG. 38 is a sectional view showing still another 
step in manufacturing the device in FIG. 34; 

FIG. 39 is a sectional view showing still another 
step in manufacturing the device in FIG. 34; 

FIG. 40 is a plan view showing a layout example of 
the second electrode of the capacitor; 

FIG. 41 is a sectional view showing the sixth 
embodiment of a MIM capacitor according to the present 
invention; 

FIG. 42 is a sectional view showing the seventh 
embodiment of a MIM capacitor according to the present 
invention; 

FIG. 43 is a sectional view taken along the line 
XLIII - XLIII in FIG. 42; 

FIG. 44 is a sectional view showing the eighth 
embodiment of a MIM capacitor according to the present 
invention; and 
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FIG. 45 is a sectional view showing the ninth 
embodiment of a MIM capacitor according to the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 
5 A MIM capacitor of the present invention will be 

described below in detail with reference to the 
accompanying drawing . 

FIG. 1 is a sectional view showing the first 
embodiment of a MIM capacitor according to the present 
10 invention. FIG. 2 is a sectional view taken along the 

line II - II in FIG. 1. 

For example, a matrix-like trench is formed in a 
semiconductor substrate (e.g., silicon substrate) 11. 
The trench is filled with a metal material 12, e.g., Cu 
15 (copper) having a low resistance and large diffusion 

coefficient. The metal material 12 filled in the 
trench of the semiconductor substrate 11 serves as the 
first electrode of the MIM capacitor. 

The first embodiment adopts a matrix shape as the 
20 layout of the first electrode of the MIM capacitor in 

order to prevent dishing (phenomenon that a metal 
material in a trench is polished like a dish) in the 
damascene process (CMP process). As far as the 
structure can prevent dishing, the trench shape is not 
25 limited to the matrix shape, and may be a drainboard 

(or ladder) or comb shape. 

A silicon nitride film (SiN) 13 is formed on the 
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semiconductor substrate 11 except for the capacitor 
area of the MIM capacitor* The capacitor area of the 
MIM capacitor is a groove surrounded by the wall of the 
silicon nitride film 13. In the capacitor area, a 
5 tungsten nitride film (WN) 14 is formed. The tungsten 

nitride film 14 functions as a diffusion prevention 
film against the metal material (e.g., Cu) 12. At the 
same time, the tungsten nitride film 14 is formed on 

i»j the matrix-like first electrode to increase the 

ill 

\\ 10 capacitor area. 

j[ A capacitor insulating film (e.g., Ta2C>5) 15 is 

in formed on the tungsten nitride film 14. 

" r " A tungsten nitride film (WN) 16 is formed on the 

capacitor insulating film 15. The tungsten nitride 
f 8 * 15 film 16 functions as a diffusion prevention film 

Gjf against a metal material (e.g., Cu) serving as the 

second electrode (to be described later) of the MIM 
capacitor. In addition, the tungsten nitride film 16 
is formed below the matrix-like second electrode (to be 
20 described later) to increase the capacitor area. 

A silicon nitride film (SiN) 17 is formed on the 
tungsten nitride film 16. The silicon nitride film 17 
functions as a stopper together with the silicon 
nitride film 13 in etching (in trench formation) 
25 (details of which will be explained in a description of 

the manufacturing method) . 

A silicon oxide film (Si(>2) 18 is formed on the 
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silicon nitride films 13 and 17, and a silicon nitride 
film 19 is formed on the silicon oxide film 18. The 
silicon nitride film 19 functions as a stopper in 
trench formation by the dual damascene process. A 
5 silicon oxide film (Si02> 20 is formed on the silicon 

nitride film 19, and a silicon nitride film 21 is 
formed on the silicon oxide film 20. The silicon 
nitride film 21 functions as a stopper in the CMP 
(Chemical Mechanical Polishing) process. 

10 For example, a matrix-like trench, and a trench 

for wiring/pad portions are formed in the silicon oxide 
film 20 (portion above the silicon nitride film 19). 
Trenches (via holes) reaching the tungsten nitride film 
16 and metal material (e.g., Cu) 12 are formed in the 

15 silicon oxide film 18 and silicon nitride film 13. 

These trenches are filled with metal materials 22A and 
22B, e.g., Cu (copper) having a low resistance and 
large diffusion coefficient. The metal material 22A 
filled in the trench serves as the second electrode of 

20 the MIM capacitor. 

The first embodiment adopts a matrix shape as the 
layout of the second electrode of the MIM capacitor in 
order to prevent dishing in the damascene process (CMP 
process). As far as the structure can prevent dishing, 

25 the trench shape is not limited to the matrix shape, 

and may be a drainboard (or ladder) or comb shape. 

In this device structure, the first and second 
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electrodes of the MIM capacitor are formed into a shape 
such as a matrix, drainboard, or comb shape in which 
dishing hardly occurs. 

When the first and second electrodes of the MIM 
5 capacitor are made of a metal material (e.g., Cu) 

having a large diffusion coefficient, a plate-like 
diffusion prevention film (e.g., tungsten nitride film 
14) in contact with the first electrode, and a 
p plate-like diffusion prevention film (e.g., tungsten 

sj 10 nitride film 16) in contact with the second electrode 

j; are formed. These diffusion prevention films also 

Iji increase the capacitor area of the MIM capacitor, 

'f* The capacitor insulating film (e.g., Ta2<)5) 15 is 

;^ sandwiched between the two diffusion prevention films, 

; . 15 and does not directly contact the metal material (e.g., 

;*f Cu) having a large diffusion coefficient. 

The leakage current can be reduced without 
contaminating the capacitor insulating film by the 
metal material which has a large diffusion coefficient 
20 and forms the electrode of the MIM capacitor. As a 

result, a high-performance MIM capacitor can be 
provided. 

The manufacturing method of the MIM capacitor in 
FIGS. 1 and 2 will be explained. 
25 As shown in FIGS. 3 and 4, the first electrode of 

a MIM capacitor is formed in a semiconductor substrate 
11 by the damascene process. 



For example , a matrix-like trench is formed in the 
semiconductor substrate 11 using PEP (Photo Engraving 
Process) and RIE (Reactive Ion Etching). A metal 
material (e.g., Cu) 12 for completely filling the 
matrix-like trench is formed using CVD (Chemical Vapour 
Deposition). Then, the metal material 12 is polished 
using CMP (Chemical Mechanical Polishing) to leave it 
in only the matrix- like trench, thereby completing the 
first electrode of the MIM capacitor. 

The shape of the trench (first electrode) may be a 
drainboard shape as shown in FIG. 5, or a comb shape as 
shown in FIG. 6 or 7 in addition to the matrix shape. 

A silicon nitride film (diffusion prevention 
insulating film) 13 for covering the first electrode of 
the MIM capacitor is formed on the semiconductor 
substrate 11 using CVD. 

As shown in FIGS. 8 and 9, the silicon nitride 
film 13 present in the capacitor area is removed using 
PEP and RIE. A tungsten nitride film (WN) 14 as a 
diffusion prevention film is formed on the silicon 
nitride film 13 and in the capacitor area using 
sputtering. The tungsten nitride film 14 is polished 
using CMP to leave it in only the capacitor area. 

Note that the first embodiment uses the tungsten 
nitride film as a diffusion prevention film (barrier 
metal), but may use a film other than the tungsten 
nitride film so long as the film has a metal atom 
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diffusion prevention function. For example, materials 
as shown in Table 1 are known as a conductive film 
having the diffusion prevention function. 
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As shown in FIG. 10, a capacitor insulating film 
(e.g., Ta205> 15 is formed on the silicon nitride film 
13 and tungsten nitride film 14 using sputtering. A 
tungsten nitride film 16 as a diffusion prevention film 
(barrier metal) is formed on the capacitor insulating 
film 15 using sputtering. As the diffusion prevention 
film, conductive films as shown in Table 1 can be used 
in addition to the tungsten nitride film. 

A silicon nitride film (diffusion prevention 
insulating film) 17 is formed on the tungsten nitride 
film 16 using CVD. The silicon nitride film 17, 
tungsten nitride film 16, and capacitor insulating film 
15 are sequentially etched using PEP and RIE. Etching 
is performed such that the capacitor insulating film 15 
tungsten nitride film 16, and silicon nitride film 17 
remain on the tungsten nitride film 14 in at least the 
capacitor area. 

As shown in FIGS. 11 and 12, a silicon oxide film 
(interlevel insulating film) 18 is formed on the 
silicon nitride films 13 and 17 using CVD. 
Subsequently , a silicon nitride film 19 as an etching 
stopper is formed on the silicon oxide film 18 using 
CVD. A silicon oxide film (inter-wiring insulating 
film) 20 is formed on the silicon nitride film 19 using 
CVD. A silicon nitride film 21 as a CMP stopper is 
formed on the silicon oxide film 2 0 using CVD. 

After that, the second electrode of the MIM 
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capacitor is formed by the dual damascene process. 

For example, a trench as a wiring groove is formed 
in the silicon nitride film 21 and silicon oxide film 
2 0 using PEP and RIE. In etching the silicon oxide 
5 film 20, the silicon nitride film 19 functions as a RIE 

etching stopper. The trench includes a wiring/pad 
portion and capacitor electrode portion, and the 
capacitor electrode portion has, e.g., a matrix-like 
□ layout. 

%l 10 Then, trenches as via holes are formed in the 

21 silicon nitride film 19 and silicon oxide film 18 using 

;ll PEP and RIE. In etching the silicon oxide film 18, the 

f r silicon nitride films 13 and 17 function as RIE etching 

stoppers. 

15 Note that the trench shape at the capacitor 

electrode portion is not limited to the matrix shape, 
and may be, e.g., a drainboard shape as shown in 
FIG. 13, or a comb shape as shown in FIG. 14 or 15. 

The silicon nitride films 13 and 17 at the bottoms 
20 of the trenches are etched to expose part of the metal 

material 12 and part of the tungsten nitride film 16. 

Thereafter, metal materials (e.g., Cu) 22A and 22B 
for completely filling the trenches are formed by 
plating. Note that a barrier metal such as TaN may be 
2 5 formed on the inner surface of the trench before the 

metal materials 2 2A and 22B are formed. 

The metal materials 22A and 22B are polished using 



CMP to leave them in the trenches. At this time, the 
silicon nitride film 21 functions as a CMP stopper. 

By these steps, the MIM capacitor in FIGS. 1 and 2 
is completed. 

According to this manufacturing method, when the 
damascene process (CMP process) is adopted, and a metal 
material such as Cu (copper) having a large diffusion 
coefficient is used as a wiring material, first, the 
metal material (capacitor electrode) can be formed into, 
e.g., a matrix shape to prevent dishing. Second, a 
capacitor insulating film can be directly sandwiched 
between diffusion prevention films to prevent metal 
atoms from diffusing into the capacitor insulating film 
during the manufacturing process. Third, the diffusion 
prevention film functions as a capacitor electrode, so 
the capacitor area does not decrease (capacitor 
capacity can be increased regardless of the wiring 
rule) even if the metal material is formed into a 
matrix shape in order to prevent dishing. Fourth, the 
metal material (e.g., Cu) is not exposed in patterning 
the capacitor, so that contamination by metal atoms can 
be avoided. Fifth, the capacitor structure is flat, 
and high reliability and high performance can be 
achieved. 

FIG. 16 shows the second embodiment of a MIM 
capacitor according to the present invention. 

Compared to the embodiment in FIGS. 1 and 2, the 
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device structure of the second embodiment is 
characterized by the absence of the silicon nitride 
film 13 in FIGS. 1 and 2. In other words, in the 
second embodiment, a silicon nitride film 17 is formed 
5 not only on a tungsten nitride film 16 but also on a 

semiconductor substrate 11 and metal material 12. 
The detailed structure will be explained. 
For example, a matrix-like trench is formed in a 
semiconductor substrate (e.g., silicon substrate) 11. 

10 The trench is filled with a metal material 12, e.g., Cu 

(copper) having a low resistance and large diffusion 
coefficient. The metal material 12 filled in the 
trench of the semiconductor substrate 11 serves as the 
first electrode of the MIM capacitor. 

15 Note that the shape of the first electrode of the 

MIM capacitor is set to a matrix shape, drainboard 
shape (or ladder shape), comb shape, or the like. 

A tungsten nitride film (WN) 14 is formed in the 
capacitor area of the MIM capacitor. The tungsten 

20 nitride film 14 functions as a diffusion prevention 

film against the metal material (e.g., Cu) 12. At the 
same time, the tungsten nitride film 14 is formed on 
the matrix-like first electrode to increase the 
capacitor area. A capacitor insulating film (e.g., 

25 Ta205) 15 is formed on the tungsten nitride film 14. 

A tungsten nitride film (WN) 16 is formed on the 
capacitor insulating film 15. The tungsten nitride 
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film 16 functions as a diffusion prevention film 
against a metal material (e.g., Cu) serving as the 
second electrode (to be described later) of the MIM 
capacitor. In addition, the tungsten nitride film 16 
5 is formed below the matrix-like second electrode (to be 

described later) to increase the capacitor area. 

A silicon nitride film (SiN) 17 is formed on the 
semiconductor substrate 11, metal material 12, and 
H tungsten nitride film 16. The silicon nitride film 17 

%i 10 functions as a stopper in etching (xn trench formation) 

1= (details of which will be explained in a description of 

□1 

Qf the manufacturing method) . 

" r A silicon oxide film (Si02) 18 is formed on the 

~i silicon nitride film 17, and a silicon nitride film 19 

: ] 15 is formed on the silicon oxide film 18. The silicon 

|-f nitride film 19 functions as a stopper in trench 

formation by the dual damascene process. A silicon 
oxide film (Si02) 20 is formed on the silicon nitride 
film 19, and a silicon nitride film 21 is formed on the 
20 silicon oxide film 20. The silicon nitride film 21 

functions as a stopper in the CMP (Chemical Mechanical 
Polishing ) process . 

For example, a matrix-like trench, and a trench 
for wiring/pad portions are formed in the silicon oxide 
25 film 20 (portion above the silicon nitride film 19). 

Trenches as via holes reaching the tungsten nitride 
film 16 and metal material (e.g., Cu) 12 are formed in 



- 20 - 



the silicon oxide film 18 and silicon nitride film 17. 
These trenches are filled with metal materials 22A and 
22B f e.g., Cu (copper) having a low resistance and 
large diffusion coefficient. The metal material 22A 
5 filled in the trench serves as the second electrode of 

the MIM capacitor. 

Note that the shape of the second electrode of the 
MIM capacitor is set to a matrix shape, drainboard 
shape (or ladder shape), comb shape, or the like. 

10 In this device structure, the first and second 

electrodes of the MIM capacitor are formed into a shape 
such as a matrix, drainboard, or comb shape in which 
dishing hardly occurs. 

When the first and second electrodes of the MIM 

15 capacitor are made of a metal material (e.g., Cu) 

having a large diffusion coefficient, a plate-like 
diffusion prevention film (e.g., tungsten nitride film 
14) in contact with the first electrode, and a 
plate-like diffusion prevention film (e.g., tungsten 

20 nitride film 16) in contact with the second electrode 

are formed. These diffusion prevention films also 
increase the capacitor area of the MIM capacitor. 

The capacitor insulating film (e.g., Ta2C>5) 15 is 
sandwiched between the two diffusion prevention films, 

25 and does not directly contact the metal material (e.g., 

Cu) having a large diffusion coefficient. 

The leakage current can be reduced without 
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contaminating the capacitor insulating film by the 
metal material which has a large diffusion coefficient 
and forms the electrode of the MIM capacitor* Thus, a 
high-performance MIM capacitor can be provided. 

The second embodiment uses only the silicon 
nitride film 17 as en etching stopper in forming a 
trench (via hole) in the silicon oxide film 18, and 
eliminates the silicon nitride film 13 of the device as 
shown in FIGS . 1 and 2 . Compared to the embodiment in 
FIGS. 1 and 2, the second embodiment can omit ® the 
step of processing the silicon nitride film 13 and (2) 
the step (CMP) of burying the tungsten nitride film 14 
in the groove of the silicon nitride film 13, thereby 
decreasing the number of PEP steps and reducing the 
cost . 

The manufacturing method of the MIM capacitor in 
FIG. 16 will be explained. 

As shown in FIG. 17, the first electrode of a MIM 
capacitor is formed in a semiconductor substrate 11 by 
the damascene process. 

For example, a matrix-like trench is formed in the 
semiconductor substrate 11 using PEP and RIE. A metal 
material (e.g., Cu) 12 for completely filling the 
matrix-like trench is formed using CVD. The metal 
material 12 is polished using CMP to leave it in only 
the matrix-like trench, thereby completing the first 
electrode of the MIM capacitor. 
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The shape of the trench (first electrode) may be a 
drainboard shape (FIG. 5), or comb shape (FIG. 6 or 7) 
in addition to the matrix shape as shown in FIG. 3. 

A tungsten nitride film (WN) 14 as a diffusion 
5 prevention film is formed on the semiconductor 

substrate 11 and metal material 12 using sputtering. 
Note that the second embodiment uses the tungsten 
nitride film as a diffusion prevention film (barrier 
metal ), but may use a film other than the tungsten 
10 nitride film so long as the film has a metal atom 

diffusion prevention function (see Table 1). 

A capacitor insulating film (e.g., Ta2C>5 ) 15 is 
formed on the tungsten nitride film 14 using sputtering. 
A tungsten nitride film 16 as a diffusion prevention 
15 film (barrier metal) is formed on the capacitor 

insulating film 15 using sputtering. 

As shown in FIG. 18, the tungsten nitride film 16, 
capacitor insulating film 15, and tungsten nitride film 
14 are sequentially etched using PEP and RIE. As a 
20 result, the tungsten nitride film 14, capacitor 

insulating film 15, and tungsten nitride film 16 remain 
in only the capacitor area. 

As shown in FIG. 19, a silicon nitride film 
(diffusion prevention insulating film) 17 is formed on 
25 the semiconductor substrate 11, metal material 12, and 

tungsten nitride film 16 using CVD. The silicon 
nitride film 17 functions as a stopper in forming 
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trenches as via holes (to be described later). 

As shown in FIG. 20, a silicon oxide film 
(interlevel insulating film) 18 is formed on the 
silicon nitride film 17 using CVD. Then, a silicon 
5 nitride film 19 as an etching stopper is formed on the 

silicon oxide film 18 using CVD. A silicon oxide film 
(inter-wiring insulating film) 20 is formed on the 
silicon nitride film 19 using CVD. A silicon nitride 
film 21 as a CMP stopper is formed on the silicon oxide 
10 film 20 using CVD. 

Thereafter, the second electrode of the MIM 
capacitor is formed by the dual damascene process. 

For example, a trench as a wiring groove is formed 
in the silicon nitride film 21 and silicon oxide film 
15 20 using PEP and RIE. In etching the silicon oxide 

film 20, the silicon nitride film 19 functions as a RIE 
etching stopper. The trench includes a wiring/pad 
portion and capacitor electrode portion, and the 
capacitor electrode portion has, e.g., a matrix-like 
20 layout. 

Then, trenches as via holes are formed in the 
silicon nitride film 19 and silicon oxide film 18 using 
PEP and RIE. In etching the silicon oxide film 18, the 
silicon nitride film 17 functions as a RIE etching 
2 5 stopper. 

Note that the trench shape at the capacitor 
electrode portion is not limited to the matrix shape, 
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and may be f e.g., a drainboard shape as shown in 
FIG. 13, or a comb shape as shown in FIG. 14 or 15. 

The silicon nitride film 17 at the bottom of the 
trench is etched to expose part of the metal material 
5 12 and part of the tungsten nitride film 16. 

Metal materials (e.g., Cu) 22A and 22B for 
completely filling the trenches are formed by plating. 
Note that a barrier metal such as TaN may be formed on 
the inner surface of the trench before the metal 
10 materials 22A and 22B are formed. 

The metal materials 22A and 22B are polished using 
CMP to leave them in only the trench. At this time, 
the silicon nitride film 21 functions as a CMP stopper. 
By these steps, the MIM capacitor in FIG. 16 is 
15 completed. 

According to this manufacturing method, when the 
damascene process (CMP process) is adopted, and a metal 
material such as Cu (copper) having a large diffusion 
coefficient is used as a wiring material, first, the 
20 metal material (capacitor electrode) can be formed into, 

e.g., a matrix shape to prevent dishing. Second, 
diffusion prevention films which directly sandwich the 
capacitor insulating film can be formed to prevent 
metal atoms from diffusing into a capacitor insulating 
25 film during the manufacturing process. Third, the 

diffusion prevention film functions as a capacitor 
electrode, so the capacitor area does not decrease 



- 25 - 



(capacitor capacity can be increased regardless of the 
wiring rule) even if the metal material is formed into 
a matrix shape in order to prevent dishing. Fourth, 
only one silicon nitride film is used as a stopper in 
5 forming trenches as via holes, which can decrease the 

number of PEP steps and reduce the cost. 

FIG. 21 shows the third embodiment of a MIM 
capacitor according to the present invention. 
O Compared to the embodiment in FIGS. 1 and 2, the 

si 10 device structure of the third embodiment is charac- 

yj 

,j; terized by the layout of a tungsten nitride film 14 

.=3 t 

i.ii s 

ill serving as a diffusion prevention film. More 

□I 

J" specifically, in this embodiment, the tungsten nitride 

Pji film 14 as a diffusion prevention film is etched 

n 15 subsequently to etching of a silicon nitride film 17, 

[z: tungsten nitride film 16, and capacitor insulating film 

c J 

15. The device structure of this embodiment has a 
layout in which the ends of the tungsten nitride films 
14 and 16, and capacitor insulating film 15 overlap a 

20 silicon nitride film 13. 

Accordingly, the third embodiment can eliminate 
the step (CMP) of filling the tungsten nitride film 14 
in the groove of the silicon nitride film 13 shown in 
the embodiment of FIGS . 1 and 2 . 

25 The detailed device structure will be explained. 

For example, a matrix-like trench is formed in a 
semiconductor substrate (e.g., silicon substrate) 11. 



The trench is filled with a metal material 12, e.g., Cu 
(copper) having a low resistance and large diffusion 
coefficient. The metal material 12 filled in the 
trench of the semiconductor substrate 11 serves as the 
first electrode of the MIM capacitor. 

The shape of the first electrode of the MIM 
capacitor is set to, e.g., a matrix, drainboard (or 
ladder), or comb shape. 

A silicon nitride film (SiN) 13 is formed on the 
semiconductor substrate 11 except for the capacitor 
area of the MIM capacitor. The capacitor area of the 
MIM capacitor is a groove surrounded by the wall of the 
silicon nitride film 13. In the capacitor area, a 
tungsten nitride film (WN) 14 is formed. The end of 
the tungsten nitride film 14 overlaps the silicon 
nitride film 13. 

The tungsten nitride film 14 functions as a 
diffusion prevention film against the metal material 
(e.g., Cu) 12. At the same time, the tungsten nitride 
film 14 is formed on the matrix-like first electrode to 
increase the capacitor area. A capacitor insulating 
film (e.g., Ta20s ) 15 is formed on the tungsten nitride 
film 14. 

A tungsten nitride film (WN) 16 is formed on the 
capacitor insulating film 15. The tungsten nitride 
film 16 functions as a diffusion prevention film 
against a metal material (e.g., Cu) serving as the 
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second electrode (to be described later) of the MIM 
capacitor. In addition, the tungsten nitride film 16 
is formed below the matrix- like second electrode (to be 
described later) to increase the capacitor area. 
5 A silicon nitride film (SiN) 17 is formed on the 

tungsten nitride film 16. The silicon nitride film 17 
functions as a stopper together with the silicon 
nitride film 13 in etching (in trench formation) 
(details of which will be explained in a description of 

10 the manufacturing method) . 

A silicon oxide film (SiC>2) 18 is formed on the 
silicon nitride films 13 and 17 , and a silicon nitride 
film 19 is formed on the silicon oxide film 18. The 
silicon nitride film 19 functions as a stopper in 

15 trench formation by the dual damascene process. A 

silicon oxide film (Si02) 20 is formed on the silicon 
nitride film 19 , and a silicon nitride film 21 is 
formed on the silicon oxide film 20. The silicon 
nitride film 21 functions as a stopper in the CMP 

20 (Chemical Mechanical Polishing) process. 

For example, a matrix-like trench, and a trench 
for wiring/pad portions are formed in the silicon oxide 
film 20 (portion above the silicon nitride film 19). 
Trenches (via holes) reaching the tungsten nitride film 

25 16 and metal material (e.g., Cu) 12 are formed in the 

silicon oxide film 18 and silicon nitride film 13. 
These trenches are filled with metal materials 22A and 
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22B, e.g., Cu (copper) having a low resistance and 
large diffusion coefficient. The metal material 22A 
filled in the trench serves as the second electrode of 
the MIM capacitor. 
5 The second electrode of the MIM capacitor can be 

formed into to, e.g., a shape as shown in FIG. 27. 
However, any shape can be employed as far as dishing in 
the damascene process (CMP process) can be prevented. 
In this device structure, the first and second 

10 electrodes of the MIM capacitor are formed into a shape 

such as a matrix, drainboard (or ladder), or comb shape 
in which dishing hardly occurs. 

When the first and second electrodes of the MIM 
capacitor are made of a metal material (e.g., Cu) 

15 having a large diffusion coefficient, a plate-like 

diffusion prevention film (e.g., tungsten nitride film 
14) in contact with the first electrode, and a 
plate-like diffusion prevention film (e.g., tungsten 
nitride film 16) in contact with the second electrode 

20 are formed. These diffusion prevention films also 

increase the capacitor area of the MIM capacitor. 

The capacitor insulating film (e.g., Ta.205) 15 is 
sandwiched between the two diffusion prevention films, 
and does not directly contact the metal material (e.g., 

25 Cu) having a large diffusion coefficient. 

The leakage current can be reduced without 
contaminating the capacitor insulating film by the 
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metal material which has a large diffusion coefficient 
and forms the electrode of the MIM capacitor. As a 
result, a high-performance MIM capacitor can be 
provided . 

5 The manufacturing method of the MIM capacitor in 

FIG. 21 will be explained. 

As shown in FIG. 22 , the first electrode of a MIM 

capacitor is formed in a semiconductor substrate 11 by 

the damascene process. 
10 For example, a matrix-like trench is formed in the 

semiconductor substrate 11 using PEP (Photo Engraving 

Process) and RIE (Reactive Ion Etching). A metal 

material (e.g., Cu) 12 for completely filling the 

matrix-like trench is formed using CVD. Then, the 
15 metal material 12 is polished using CMP to leave it in 

only the matrix-like trench, thereby completing the 

first electrode of the MIM capacitor. 

Note that the shape of the trench (first 

electrode) is set to a matrix shape (FIG. 3), 
20 drainboard shape (FIG. 5), comb shape (FIG. 6 or 7 ), or 

the like. 

A silicon nitride film (diffusion prevention 
insulating film) 13 for covering the first electrode of 
the MIM capacitor is formed on the semiconductor 
25 substrate 11 using CVD. 

As shown in FIG. 23, the silicon nitride film 13 
present in the capacitor area is removed using PEP and 
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RIE. 

As shown in FIG* 24, a tungsten nitride film (WN) 
14 as a diffusion prevention film (barrier metal) is 
formed on the silicon nitride film 13 and in the 
5 capacitor area using sputtering. A capacitor 

insulating film (e.g., Tai2 0 5) 15 is formed on the 
tungsten nitride film 14 using sputtering. A tungsten 
nitride film 16 as a diffusion prevention film (barrier 
metal) is formed on the capacitor insulating film 15 

10 using sputtering. 

A silicon nitride film 17 is formed on the 
tungsten nitride film 16 using CVD. The silicon 
nitride film 17, tungsten nitride film 16, capacitor 
insulating film 15, and tungsten nitride film 14 are 

15 sequentially etched using PEP and RIE. Etching is 

performed such that the tungsten nitride film 14, 
capacitor insulating film 15, tungsten nitride film 16, 
and silicon nitride film 17 remain in at least the 
capacitor area. 

20 As shown in FIG. 26, a silicon oxide film 

(interlevel insulating film) 18 is formed on the 
silicon nitride films 13 and 17 using CVD. 
Subsequently, a silicon nitride film 19 as an etching 
stopper is formed on the silicon oxide film 18 using 

25 CVD. A silicon oxide film (inter-wiring insulating 

film) 20 is formed on the silicon nitride film 19 using 
CVD. A silicon nitride film 21 as a CMP stopper is 
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formed on the silicon oxide film 20 using CVD. 

Then, the second electrode of the MIM capacitor is 
formed by the dual damascene process. 

For example, a trench as a wiring groove is formed 
5 in the silicon nitride film 21 and silicon oxide film 

20 using PEP and RIE . In etching the silicon oxide 
film 20, the silicon nitride film 19 functions as a RIE 
etching stopper. The trench includes a wiring/pad 
portion and capacitor electrode portion, and the 
10 capacitor electrode portion has, e.g., a matrix-like 

layout. 

Then, trenches as via holes are formed in the 
silicon nitride film 19 and silicon oxide film 18 using 
PEP and RIE. In etching the silicon oxide film 18, the 
15 silicon nitride films 13 and 17 function as RIE etching 

stoppers . 

Note that the trench shape at the capacitor 
electrode portion is not limited to the matrix shape, 
and may be, e.g., a drainboard shape (or ladder shape) 

2 0 as shown in FIG. 13, or a comb shape as shown in 

FIG. 14 or 15. 

The silicon nitride films 13 and 17 at the bottoms 
of the trenches are etched to expose part of the metal 
material 12 and part of the tungsten nitride film 16. 

25 Thereafter, metal materials (e.g., Cu) 22A and 22B 

for completely filling the trenches are formed by 
plating. Note that a barrier metal such as TaN may be 



formed on the inner surface of the trench before the 
metal materials 22A and 22B are formed. 

The metal materials 22A and 22B are polished using 
CMP to leave them in the trenches. At this time, the 
silicon nitride film 21 functions as a CMP stopper. 

By these steps, the MIM capacitor in FIG. 21 is 
completed. 

According to this manufacturing method , when the 
damascene process (CMP process) is adopted, and a metal 
material such as Cu (copper) having a large diffusion 
coefficient is used as a wiring material, first, the 
metal material (capacitor electrode) can be formed into, 
e.g., a matrix shape to prevent dishing. Second, 
diffusion prevention films which directly sandwich a 
capacitor insulating film can be formed to prevent 
metal atoms from diffusing into the capacitor 
insulating film during the manufacturing process. 
Third, the diffusion prevention film functions as a 
capacitor electrode, so the capacitor area does not 
decrease (capacitor capacity can increase regardless of 
the wiring rule) even if the metal material is formed 
into a matrix shape in order to prevent dishing. 
Fourth, the manufacturing process is simplified because 
the tungsten nitride film 14 is processed by RIE 
together with the silicon nitride film 17, tungsten 
nitride film 16, and capacitor insulating film 15. 
Fifth, the metal material (e.g., Cu) is not exposed in 



- 33 - 



patterning the capacitor, so that contamination by 
metal atoms can be avoided. 

FIG. 28 shows the fourth embodiment of a MIM 
capacitor according to the present invention. 
5 Compared to the embodiment in FIG. 21 , the device 

structure of the fourth embodiment is characterized in 
that a tungsten nitride film 14, capacitor insulating 
film 15, tungsten nitride film 16, and silicon nitride 
ri film 17 fall within the groove of a silicon nitride 

Cj 10 film 13. 

The detailed device structure will be explained. 

dh 

iji For example, a matrix-like trench is formed in a 

J* semiconductor substrate (e.g., silicon substrate) 11. 

U, The trench is filled with a metal material 12, e.g., Cu 

15 (copper) having a low resistance and large diffusion 

;~r coefficient. The metal material 12 filled in the 

trench of the semiconductor substrate 11 serves as the 
first electrode of the MIM capacitor. 

The shape of the first electrode of the MIM 
2 0 capacitor is set to, e.g., a matrix, drainboard (or 

ladder), or comb shape. 

A silicon nitride film (SiN) 13 is formed on the 
semiconductor substrate 11 except for the capacitor 
area of the MIM capacitor. The capacitor area is a 
2 5 groove surrounded by the wall of the silicon nitride 

film 13. In the capacitor area, a tungsten nitride 
film (WN) 14 is formed. The tungsten nitride film 14 
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completely falls within the capacitor area* 

The tungsten nitride film 14 functions as a 
diffusion prevention film against the metal material 
(e.g., Cu) 12. At the same time, the tungsten nitride 
5 film 14 is formed on the matrix-like first electrode to 

increase the capacitor area. A capacitor insulating 
film (e.g., Ta20s ) 15 is formed on the tungsten nitride 
film 14. 

ci A tungsten nitride film (WN) 16 is formed on the 

10 capacitor insulating film 15. The tungsten nitride 

4" film 16 functions as a diffusion prevention film 

yi against a metal material (e.g., Cu) serving as the 

01 

second electrode (to be described later) of the MIM 
U= capacitor. In addition, the tungsten nitride film 16 

n 15 is formed below the matrix-like second electrode (to be 

]Zi described later) to increase the capacitor area. 

A silicon nitride film (SiN) 17 is formed on the 
tungsten nitride film 16. The silicon nitride film 17 
functions as a stopper together with the silicon 
2 0 nitride film 13 in etching (in trench formation) 

(details of which will be explained in a description of 
the manufacturing method). 

Note that the tungsten nitride films 14 and 16, 
and capacitor insulating film 15 have the same pattern. 
25 A silicon oxide film (SiC>2) 18 is formed on the 

silicon nitride films 13 and 17, and a silicon nitride 
film 19 is formed on the silicon oxide film 18. The 
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silicon nitride film 19 functions as a stopper in 
trench formation by the dual damascene process* A 
silicon oxide film (Si02) 20 is formed on the silicon 
nitride film 19 , and a silicon nitride film 21 is 
5 formed on the silicon oxide film 20. The silicon 

nitride film 21 functions as a stopper in the CMP 
(Chemical Mechanical Polishing) process. 

For example, a matrix-like trench, and a trench 
;~] for wiring/pad portions are formed in the silicon oxide 

j; s. 

%i 10 film 20 (portion above the silicon nitride film 19). 

'j* Trenches as via holes reaching the tungsten nitride 

jjl film 16 and metal material (e.g., Cu) 12 are formed in 

;" ? the silicon oxide film 18 and silicon nitride film 13. 

j^s These trenches are filled with metal materials 22A and 

15 22B, e.g., Cu (copper) having a low resistance and 

;jf large diffusion coefficient. The metal material 22A 

filled in the trench serves as the second electrode of 
the MIM capacitor. 

In this structure, the first and second electrodes 
2 0 of the MIM capacitor are formed into a shape such as a 

matrix, drainboard (or ladder), or comb shape in which 
dishing hardly occurs . 

When the first and second electrodes of the MIM 
capacitor are made of a metal material (e.g., Cu) 
25 having a large diffusion coefficient, a plate-like 

diffusion prevention film (e.g., tungsten nitride film 
14) in contact with the first electrode, and a 
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plate-like diffusion prevention film (e.g., tungsten 
nitride film 16) in contact with the second electrode 
are formed. These diffusion prevention films also 
increase the capacitor area of the MIM capacitor. 
5 The capacitor insulating film (e.g., Ta205) 15 is 

sandwiched between the two diffusion prevention films, 
and does not directly contact the metal material (e.g., 
Cu) having a large diffusion coefficient. 

The leakage current can be reduced without 
10 contaminating the capacitor insulating film by the 

metal material which has a large diffusion coefficient 
and forms the electrode of the MIM capacitor. 
Accordingly, a high-performance MIM capacitor can be 
provided. 

15 The manufacturing method of the MIM capacitor in 

FIG. 28 will be explained. 

As shown in FIG. 29, the first electrode of a MIM 
capacitor is formed in a semiconductor substrate 11 by 
the damascene process. 

20 For example, a matrix-like trench is formed in the 

semiconductor substrate 11 using PEP (Photo Engraving 
Process) and RIE (Reactive Ion Etching). A metal 
material (e.g., Cu) 12 for completely filling the 
matrix-like trench is formed using CVD. The metal 

25 material 12 is polished using CMP to leave it in only 

the matrix-like trench, thereby completing the first 
electrode of the MIM capacitor. 
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The shape of the trench (first electrode) is set 
to a matrix shape (FIG. 3), drainboard shape (FIG. 5), 
or comb shape (FIG. 6 or 7). 

A silicon nitride film (diffusion prevention 
5 insulating film) 13 for covering the first electrode of 

the MIM capacitor is formed on the semiconductor 
substrate 11 using CVD. 

As shown in FIG. 30, the silicon nitride film 13 
present in the capacitor area is removed using PEP and 
10 RIE. 

As shown in FIG. 31 , a tungsten nitride film (WN) 
14 as a diffusion prevention film (barrier metal) is 
formed on the silicon nitride film 13 and in the 
capacitor area using sputtering. A capacitor 

15 insulating film (e.g., Ta205) 15 is formed on the 

tungsten nitride film 14 using sputtering. Subse- 
quently, a tungsten nitride film 16 as a diffusion 
prevention film (barrier metal) is formed on the 
capacitor insulating film 15 using sputtering. A 

20 silicon nitride film (diffusion prevention insulating 

film) 17 is formed on the tungsten nitride film 16 
using CVD. 

As shown in FIG. 32, the silicon nitride film 17, 
tungsten nitride film 16, capacitor insulating film 15, 
2 5 and tungsten nitride film 14 are sequentially etched 

using PEP and RIE. Etching is performed such that the 
tungsten nitride film 14, capacitor insulating film 15, 
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tungsten nitride film 16/ and silicon nitride film 17 
remain in the capacitor area. 

In the fourth embodiment, the tungsten nitride 
film 14, capacitor insulating film 15, tungsten nitride 
5 film 16, and silicon nitride film 17 completely fall 

within the capacitor area, i.e., the groove of the 
silicon nitride film 13. 

As shown in FIG. 33, a silicon oxide film 
□ (interlevel insulating film) 18 is formed on the 

sj 10 silicon nitride films 13 and 17 using CVD. Then, a 

11 silicon nitride film 19 as an etching stopper is formed 

y = 

yi on the silicon oxide film 18 using CVD. A silicon 

oxide film (inter-wiring insulating film) 20 is formed 

Is; h 

j== = on the silicon nitride film 19 using CVD. A silicon 

;/= 15 nitride film 21 as a CMP stopper is formed on the 

silicon oxide film 20 using CVD. 

After that, the second electrode of the MIM 
capacitor is formed by the dual damascene process. 

For example, a trench as a wiring groove is formed 
20 in the silicon nitride film 21 and silicon oxide film 

20 using PEP and RIE . In etching the silicon oxide 
film 20, the silicon nitride film 19 functions as a RIE 
etching stopper. The trench includes a wiring/pad 
portion and capacitor electrode portion, and the 
25 capacitor electrode portion has, e.g., a matrix-like 

layout. 

Further, trenches as via holes are formed in the 
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silicon nitride film 19 and silicon oxide film 18 using 
PEP and RIE. In etching the silicon oxide film 18 , the 
silicon nitride films 13 and 17 function as RIE etching 
stoppers . 

5 Note that the trench shape at the capacitor 

electrode portion is not limited to the matrix shape , 
and may be f e.g., a drainboard (or ladder) shape as 
shown in FIG. 13, or a comb shape as shown in FIG. 14 
or 15 . 

10 The silicon nitride films 13 and 17 at the bottoms 

of the trenches are etched to expose part of the metal 
material 12 and part of the tungsten nitride film 16. 

Metal materials (e.g., Cu) 22A and 22B for 
completely filling the trenches are formed by plating. 
15 Note that a barrier metal such as TaN may be formed on 

the inner surface of the trench before the metal 
materials 22A and 22B are formed. 

The metal materials 22A and 22B are polished using 
CMP to leave them in the trenches. At this time, the 
20 silicon nitride film 21 functions as a CMP stopper. 

By these steps, the MIM capacitor in FIG. 2 8 is 
completed. 

According to this manufacturing method, when the 
damascene process (CMP process) is adopted, and a metal 
25 material such as Cu (copper) having a large diffusion 

coefficient is used as a wiring material, first, the 
metal material (capacitor electrode) can be formed into, 



- 40 - 



e.g., a matrix shape to prevent dishing. Second, 
diffusion prevention films which directly sandwich a 
capacitor insulating film can be formed to prevent 
metal atoms from diffusing into the capacitor 
5 insulating film during the manufacturing process. 

Third, the diffusion prevention film functions as a 
capacitor electrode, so the capacitor area does not 
decrease (capacitor capacity can be increased 

□ regardless of the wiring rule) even if the metal 

>T% 

si 10 material is formed into a matrix shape in order to 

UJ 

4= prevent dishing. Fourth, the manufacturing process is 

y| simplified because the tungsten nitride film 14 is 

~" processed by RIE together with the silicon nitride film 

j=*E 17, tungsten nitride film 16, and capacitor insulating 

H 15 film 15. 

;=f FIG. 34 shows the fifth embodiment of a MIM 

capacitor according to the present invention. 

Unlike the first to fourth embodiments described 
above, the device structure of the fifth embodiment is 
2 0 characterized in that the capacitor insulating film 

itself has a diffusion prevention function without 
using any diffusion prevention film. 

The detailed structure will be explained. 
A trench is formed in a semiconductor substrate 
25 (e.g., silicon substrate) 11. The trench is filled 

with a metal material 12, e.g., Cu (copper) having a 
low resistance and large diffusion coefficient. The 
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metal material 12 filled in the trench of the 
semiconductor substrate 11 serves as the first 
electrode of the MIM capacitor. 

The metal material 12 formed in the capacitor area 
5 has a plate shape , whereas the metal material formed 

in the remaining area is set to, e.g., a matrix, 
drainboard (or ladder), or comb shape. 

A capacitor insulating film 15 is formed on the 
semiconductor substrate 11. In the fifth embodiment, 

10 the capacitor insulating film 15 is made of a material 

having a diffusion prevention function against metal 
atoms (e.g., Cu). Further, the capacitor insulating 
film 15 is made of a material having an etching 
selectivity with respect to an interlevel insulating 

15 film (silicon nitride film 17, silicon oxide films 18 

and 20, and the like; to be described later). 

A silicon nitride film (SiN) 17 is formed on the 
capacitor insulating film 15. The silicon nitride film 
17 functions as a stopper in etching (in trench 

2 0 formation) (details of which will be explained in a 

description of the manufacturing method). 

A silicon oxide film (SiC>2) 18 is formed on the 
silicon nitride film 17, and a silicon nitride film 19 
is formed on the silicon oxide film 18. The silicon 

25 nitride film 19 functions as a stopper in groove 

formation by the dual damascene process. A silicon 
oxide film (SiC>2) 20 is formed on the silicon nitride 
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film 19, and a silicon nitride film 21 is formed on the 
silicon oxide film 20. The silicon nitride film 21 
functions as a stopper in the CMP (Chemical Mechanical 
Polishing) process . 
5 A trench as a wiring groove is formed in the 

silicon oxide film 20 (portion above the silicon 
nitride film 19). Trenches as via holes reaching the 
capacitor insulating film 15 and metal material (e.g., 
Cu) 12 are formed in the silicon oxide film 18 and 

10 silicon nitride film 17. These trenches are filled 

with metal materials 22A and 22B, e.g., Cu (copper) 
having a low resistance and large diffusion coefficient. 
Of the metal materials filled in the trench, the metal 
material 22A serving as the second electrode of the MIM 

15 capacitor in the capacitor area has a plate shape. 

In this structure, even when the first and second 
electrodes of the MIM capacitor are made of a metal 
material (e.g., Cu) having a large diffusion 
coefficient, the capacitor insulating film 15 itself 

20 has a diffusion prevention function. Thus, the leakage 

current can be reduced without contaminating the 
capacitor insulating film, and a high-performance MIM 
capacitor can be provided. 

The manufacturing method of the MIM capacitor in 

25 FIG. 34 will be explained. 

As shown in FIGS. 35 and 36, the first electrode 
of a MIM capacitor is formed in a semiconductor 
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substrate 11 by the damascene process. 

For example, a trench is formed in the 
semiconductor substrate 11 using PEP (Photo Engraving 
Process) and RIE (Reactive Ion Etching). A metal 
5 material (e.g., Cu) 12 for completely filling the 

trench is formed using CVD. The metal material 12 is 
polished using CMP to leave it in only the trench, 
thereby completing the first electrode of the MIM 
capacitor. 

10 A capacitor insulating film 15 is formed on the 

semiconductor substrate 11 using sputtering. A silicon 
nitride film 17 is formed on the capacitor insulating 
film 15 using CVD. 

As shown in FIG. 37, a silicon oxide film 

15 (interlevel insulating film) 18 is formed on the 

silicon nitride film 17 using CVD. 

As shown in FIG. 38, a silicon nitride film 19 as 
an etching stopper is formed on the silicon oxide film 
18 using CVD. A silicon oxide film (inter-wiring 

20 insulating film) 20 is formed on the silicon nitride 

film 19 using CVD. A silicon nitride film 21 as a CMP 
stopper is formed on the silicon oxide film 2 0 using 
CVD. 

Thereafter, the second electrode of the MIM 
25 capacitor is formed by the dual damascene process. 

For example, a trench as a wiring groove is formed 
in the silicon . nitride film 21 and silicon oxide film 
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20 using PEP and RIE. In etching the silicon oxide 
film 20, the silicon nitride film 19 functions as a RIE 
etching stopper. The trench includes a wiring/pad 
portion and capacitor electrode portion , and the 
capacitor electrode portion has, e.g., a plate shape. 

Trenches as via holes are formed in the silicon 
nitride film 19 and silicon oxide film 18 using PEP and 
RIE. In etching the silicon oxide film 18, the silicon 
nitride film 17 functions as a RIE etching stopper. 

The silicon nitride film 17 at the bottom of the 
trench is etched to expose the capacitor insulating 
film 15. Of the capacitor insulating film 15 exposed 
in the trench bottom, the film 15 part in the capacitor 
area is left, and the remaining film 15 part is 
selectively removed . 

Resultantly, the capacitor insulating film 15 is 
exposed in the capacitor area, while part of the metal 
material 12 is exposed in the remaining area. 

After that, metal materials (e.g., Cu) 22A and 22B 
for completely filling the trenches are formed by 
plating. Note that a barrier metal such as TaN may be 
formed on the inner surface of the trench before the 
metal materials 2 2A and 2 2B are formed. 

As shown in FIG. 39, the metal materials 22A and 
22B are polished using CMP to leave them in the 
trenches. At this time, the silicon nitride film 21 
functions as a CMP stopper. Note that an example of 
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the shape of the second electrode of the MIM capacitor 
is one as shown in FIG. 40. 

By these steps , the MIM capacitor in FIG. 34 is 
completed . 

5 According to this manufacturing method, when the 

damascene process (CMP process) and a metal material 
such as Cu (copper) having a large diffusion 
coefficient are employed, contamination (leakage 
□ current) of the capacitor insulating film 15 can be 

"si r 

: M 10 effectively prevented because the capacitor insulating 

1: film 15 itself has a diffusion prevention function. 

|j| Since the electrode has a plate shape in the capacitor 

,~* area, a large capacitor area (large capacitor capacity) 

hi can be ensured. Since the electrode has a matrix, 

n 15 drainboard, or comb shape in an area except for the 

]Zl capacitor area, dishing can be prevented. Moreover, 

since the capacitor insulating film 15 is made of a 
material having an etching selectivity with respect to 
a silicon oxide film and silicon nitride film, the 
20 manufacturing process is simplified. 

FIG. 41 shows the sixth embodiment of a MIM 
capacitor according to the present invention. 

The sixth embodiment concerns an RF-CMOS device in 
which an RF-analog device and CMOS logic device are 
25 formed in one chip. 

The device according to this embodiment is 
characterized in that a diffusion prevention film used 
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for a MIM capacitor in the RF-analog area is used as an 
element (or its part) in the CMOS logic area. 

For example, a matrix-like trench is formed in a 
semiconductor substrate 11. The trench is filled with 
5 a metal material 12, e.g., Cu (copper) having a low 

resistance and large diffusion coefficient. The metal 
material 12 filled in the trench of the semiconductor 
substrate 11 serves as the first electrode of the MIM 
capacitor. 

10 A silicon nitride film (SiN) 13 is formed on the 

semiconductor substrate 11 except for the capacitor 
area of the MIM capacitor. The capacitor area of the 
MIM capacitor is a groove surrounded by the wall of the 
silicon nitride film 13. 

15 A tungsten nitride film (WN) 14 is formed in the 

capacitor area. The tungsten nitride film 14 functions 
as a diffusion prevention film against the metal 
material (e.g., Cu) 12. At the same time, the tungsten 
nitride film 14 is formed on the matrix-like first 

20 electrode to increase the capacitor area. 

In the sixth embodiment, a resistance element is 
formed using a tungsten nitride film 14A in the CMOS 
logic area. The tungsten nitride film 14A is formed at 
the same time as, e.g., the tungsten nitride film 14, 

25 and is equal in thickness to the tungsten nitride 

film 14. 

That is, the step of forming the tungsten nitride 
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film 14 functioning as a diffusion prevention film can 
be executed at the same time as the step of forming the 
resistance element (tungsten nitride film 14A) in the 
CMOS logic area. In manufacturing a device according 
5 to the present invention, the number of steps does not 

substantially increase from the conventional number of 
steps, and an increase in manufacturing cost can be 
prevented. 

In this embodiment, the tungsten nitride films 14A 

10 and 14 are simultaneously formed and are equal in 

thickness. However, the tungsten nitride film 14A may 
be formed from a stacked layer of the tungsten nitride 
films 14 and 16. 

A capacitor insulating film (e.g., Ta205> 15 is 

15 formed on the tungsten nitride film 14. A tungsten 

nitride film (WN) 16 is formed on the capacitor 
insulating film 15. The tungsten nitride film 16 
functions as a diffusion prevention film against a 
metal material (e.g., Cu) serving as the second 

20 electrode (to be described later) of the MIM capacitor. 

In addition, the tungsten nitride film 16 is formed 
below the matrix-like second electrode (to be described 
later) to increase the capacitor area. 

A silicon nitride film (SiN) 17 is formed on the 

25 tungsten nitride film 16. The silicon nitride film 17 

functions as a stopper together with the silicon 
nitride film 13 in etching (i.e., in trench formation). 
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A silicon oxide film (Si02) 18 is formed on the 
silicon nitride films 13 and 17 , and a silicon nitride 
film 19 is formed on the silicon oxide film 18. The 
silicon nitride film 19 functions as a stopper in 
5 trench formation by the dual damascene process. A 

silicon oxide film (Si02) 20 is formed on the silicon 
nitride film 19, and a silicon nitride film 21 is 
formed on the silicon oxide film 20. The silicon 
nitride film 21 functions as a stopper in the CMP 

10 (Chemical Mechanical Polishing) process. 

For example, a matrix-like trench, and a trench 
for wiring/pad portions are formed in the silicon oxide 
film 20 (portion above the silicon nitride film 19). 
Trenches (via holes) reaching the tungsten nitride 

15 films 14A and 16, and metal material (e.g., Cu) 12 are 

formed in the silicon oxide film 18 and silicon nitride 
film 13. These trenches are filled with metal 
materials 22A, 22B, 22C, and 22D, e.g., Cu (copper) 
having a low resistance and large diffusion coefficient. 

20 The metal material 22A filled in the trench serves 

as the second electrode of the MIM capacitor. The 
metal materials 22C and 22D filled in the trenches in 
the CMOS logic area serve as the electrodes of the 
resistance element (tungsten nitride film) 14A. 

25 Note that the sixth embodiment adopts a matrix 

shape as the layouts of the first and second electrodes 
of the MIM capacitor in order to prevent dishing in the 



damascene process (CMP process). As long as the 
structure can prevent dishing, the trench shape is not 
limited to the matrix shape, and may be a drainboard 
(or ladder) or comb shape. 

In this device structure, when the first and 
second electrodes of the MIM capacitor are made of a 
metal material (e.g., Cu) having a large diffusion 
coefficient, a plate-like diffusion prevention film 
(e.g., tungsten nitride film 14) in contact with the 
first electrode, and a plate-like diffusion prevention 
film (e.g., tungsten nitride film 16) in contact with 
the second electrode are formed. These diffusion 
prevention films also increase the capacitor area of 
the MIM capacitor. 

The capacitor insulating film (e.g., Ta205) 15 is 
sandwiched between the two diffusion prevention films, 
and does not directly contact the metal material (e.g., 
Cu) having a large diffusion coefficient. 

The leakage current can be reduced without 
contaminating the capacitor insulating film by the 
metal material which has a large diffusion coefficient 
and forms the electrode of the MIM capacitor. A 
high-performance MIM capacitor can, therefore, be 
provided . 

The sixth embodiment uses as an element 
(resistance element in this embodiment) in the CMOS 
logic area at least one of the diffusion prevention 
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films 14 and 16 used for the MIM capacitor in the 
RF-analog area. The step of forming the tungsten 
nitride films 14 and 16 functioning as diffusion 
prevention films can be done at the same time as the 
5 step of forming an element (resistance element in this 

embodiment) in the CMOS logic area. Consequently , a 
device according to the present invention can be 
manufactured without increasing the number of 
manufacturing steps, and an increase in manufacturing 
10 cost can be suppressed. 

FIG. 42 shows the seventh embodiment of a MIM 
capacitor according to the present invention. FIG. 43 
is a sectional view taken along the line XLIII - XLIII 
in FIG. 42. 

15 The MIM capacitor of this embodiment is a 

modification of the MIM capacitor of the first 
embodiment. The MIM capacitor of the seventh 
embodiment is different from that of the first 
embodiment in that the first electrode (first electrode 

20 12) of the MIM capacitor is formed not in a semi- 

conductor substrate 11 but in an insulating film (e.g., 
interlevel insulating film) 23 on the semiconductor 
substrate 11. 

By forming the MIM capacitor on the insulating 

25 film 2 3 on the semiconductor substrate 11 , an element 

(e.g., MOS transistor) other than the MIM capacitor can 
be formed immediately below the insulating film 23. In 
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other words , three-dimensionally arranging elements 
enables arranging elements on one chip at high density. 

FIG. 44 shows the eighth embodiment of a MIM 
capacitor according to the present invention. 
5 This embodiment is an application of a MIM 

capacitor according to the seventh embodiment. 

The device according to the eighth embodiment is 
characterized in that the first electrode of the MIM 
capacitor is formed in an interlevel insulating film, 
10 and a MOS transistor is formed immediately below the 

interlevel insulating film. 

Source and drain regions 2 4 of the MOS transistor 
are formed in the surface region of a semiconductor 
substrate 11. A gate electrode 26 is formed via a gate 
15 insulating film 25 in a channel region between the 

source and drain regions 24. An insulating film 27 
which completely covers the MOS transistor is formed on 
the MOS transistor. 

A silicon nitride film 2 8 as an etching stopper is 
20 formed on the insulating film 27. An interlevel 

insulating film 2 3 is formed on the silicon nitride 
film 28. A silicon nitride film 13 as a mask member or 
etching stopper is formed on the interlevel insulating 
film 23. 

25 For example, a matrix-like trench is formed in the 

interlevel insulating film 23. The trench is filled 
with a metal material 12, e.g., Cu (copper) having a 
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low resistance and large diffusion coefficient* The 
metal material 12 filled in the trench of the 
interlevel insulating film 23 serves as the first 
electrode of the MIM capacitor . 

For example , a wiring trench is formed in the 
interlevel insulating film 23. The trench is filled 
with a metal material 29 , e.g., Cu (copper) having a 
low resistance and large diffusion coefficient. 

The silicon nitride film (SiN) 13 is formed on the 
interlevel insulating film 23 except for the capacitor 
area of the MIM capacitor. The capacitor area of the 
MIM capacitor is a groove surrounded by the wall of the 
silicon nitride film 13. 

In the capacitor area, a tungsten nitride film 
(WN) 14 is formed. The tungsten nitride film 14 
functions as a diffusion prevention film against the 
metal material (e.g., Cu) 12. At the same time, the 
tungsten nitride film 14 is formed on the matrix-like 
first electrode to increase the capacitor area. 

A capacitor insulating film (e.g., Ta20s) 15 is 
formed on the tungsten nitride film 14. A tungsten 
nitride film (WN) 16 is formed on the capacitor 
insulating film 15. The tungsten nitride film 16 
functions as a diffusion prevention film against a 
metal material (e.g., Cu) serving as the second 
electrode (to be described later) of the MIM capacitor. 
In addition, the tungsten nitride film 16 is formed 
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below the matrix-like second electrode (to be described 
later) to increase the capacitor area. 

A silicon nitride film (SiN) 17 is formed on the 
tungsten nitride film 16. The silicon nitride film 17 
5 functions as a stopper together with the silicon 

nitride film 13 in etching (in trench formation). 

A silicon oxide film (SiC>2) 18 is formed on the 
silicon nitride films 13 and 17 , and a silicon nitride 
film 19 is formed on the silicon oxide film 18. The 

10 silicon nitride film 19 functions as a stopper in 

trench formation by the dual damascene process. A 
silicon oxide film (Si02) 20 is formed on the silicon 
nitride film 19 , and a silicon nitride film 21 is 
formed on the silicon oxide film 20. The silicon 

15 nitride film 21 functions as a stopper in the CMP 

(Chemical Mechanical Polishing) process. 

For example, a matrix-like trench, and a trench 
for wiring/pad portions are formed in the silicon oxide 
film 20 (portion above the silicon nitride film 19). 

20 Trenches (via holes) reaching the tungsten nitride film 

16 and metal material (e.g., Cu) 12 are formed in the 
silicon oxide film 18 and silicon nitride film 13. 
These trenches are filled with metal materials 22A and 
22B, e.g., Cu (copper) having a low resistance and 

25 large diffusion coefficient. The metal material 22A 

filled in the trench serves as the second electrode of 
the MIM capacitor. 
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In this device structure, when the first and 
second electrodes of the MIM capacitor are made of a 
metal material having a large diffusion coefficient, a 
plate-like diffusion prevention film in contact with 
5 the first electrode, and a plate-like diffusion 

prevention film in contact with the second electrode 
are formed. The leakage current can be reduced without 
contaminating the capacitor insulating film by the 
metal material forming the electrode of the MIM 
10 capacitor. A high-performance MIM capacitor can be 

provided. 

In the eighth embodiment, the MOS transistor is 
formed immediately below the MIM capacitor. In this 
manner, the MIM capacitor is formed on the inter level 

15 insulating film on the semiconductor substrate 11, 

whereas an element (e.g., MOS transistor) other than 
the MIM capacitor is formed immediately below the 
interlevel insulating film. Elements can be 
three-dimensionally arranged in one chip, which 

20 contributes to high element density. 

Further, a general wiring line is formed in the 
interlevel insulating film 23 in addition to the 
electrode of the MIM capacitor. In other words, both 
the electrode of the MIM capacitor and the general 

25 wiring line are formed from the same metal material 

(e.g., Cu). Therefore, the present invention is 
optimal for a device having a multilayered wiring 
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structure. 

In the eighth embodiment, the MIM capacitor and 
MOS transistor are arranged very close to each other. 
This arrangement requires a measure for preventing 
interference between a signal supplied to the electrode 
of the MIM capacitor and a signal supplied to the gate 
electrode of the MOS transistor. 

For example, if the frequency of a signal supplied 
to the electrode of the MIM capacitor and that of a 
signal supplied to the gate electrode of the MOS 
transistor are different less than 50 times, the two 
signals do not interfere with each other. In this case, 
the device structure of the eighth embodiment is very 
effective . 

If the frequency of a signal supplied to the 
electrode of the MIM capacitor and that of a signal 
supplied to the gate electrode of the MOS transistor 
are different 50 times or more, the two signals 
interfere with each other. In this case, the device 
structure of the eighth embodiment must be improved. 

FIG. 45 shows the ninth embodiment of a MIM 
capacitor according to the present invention. 

The ninth embodiment is an improvement of the MIM 
capacitor according to the eighth embodiment. The MIM 
capacitor of the ninth embodiment has a device 
structure in which, even when the frequency of a signal 
supplied to the electrode of the MIM capacitor and that 
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of a signal supplied to the gate electrode of a MOS 
transistor are different 50 times or more, the two 
signals do not interfere with each other. 

In short, the device according to this embodiment 
5 is characterized in that a shield line is interposed 

between a MIM capacitor and a MOS transistor arranged 
vertically adjacent to each other. Since the shield 
line is fixed to a predetermined potential (e.g.,' 
ground potential), a signal supplied to the electrode 
10 of the MIM capacitor and a signal supplied to the gate 

electrode of the MOS transistor do not interfere with 
each other. 

The detailed device structure will be explained. 
Similar to the device in the eighth embodiment, a 

15 MOS transistor is formed in the surface region of a 

semiconductor substrate 11. An insulating film 27 is 
formed on the MOS transistor to completely cover it. 
An insulating film 31 and silicon nitride film 32 are 
formed on the insulating film 27. 

2 0 A shield line 30A is formed in a trench formed in 

the insulating film 31. Similarly, a general wiring 
line (signal line, electrical line, or the like) 30B is 
formed in a trench formed in the insulating film 31. 

An interlevel insulating film 33 is formed on the 

25 shield line 30A and general wiring line 30B. A silicon 

nitride film 2 8 as an etching stopper is formed on the 
insulating film 33. An interlevel insulating film 23 



is formed on the silicon nitride film 28. A silicon 
nitride film 13 as a mask member or etching stopper is 
formed on the interlevel insulating film 23. 

For example, a matrix-like trench is formed in the 
interlevel insulating film 23. The trench is filled 
with a metal material 12 , e.g., Cu (copper) having a 
low resistance and large diffusion coefficient. The 
metal material 12 filled in the trench of the 
interlevel insulating film 23 serves as the first 
electrode of the MIM capacitor. 

For example, a trench for a general wiring line is 
formed in the interlevel insulating film 23. The 
trench is filled with a metal material 29, e.g., Cu 
(copper) having a low resistance and large diffusion 
coefficient. 

The silicon nitride film (SiN) 13 is formed on the 
interlevel insulating film 23 except for the capacitor 
area of the MIM capacitor. The capacitor area of the 
MIM capacitor is a groove surrounded by the wall of the 
silicon nitride film 13. 

A tungsten nitride film (WN) 14 is formed in the 
capacitor area. The tungsten nitride film 14 functions 
as a diffusion prevention film against the metal 
material (e.g., Cu) 12. At the same time, the tungsten 
nitride film 14 is formed on the matrix-like first 
electrode to increase the capacitor area. 

A capacitor insulating film (e.g., Ta20s) 15 is 
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formed on the tungsten nitride film 14. A tungsten 
nitride film (WN) 16 is formed on the capacitor 
insulating film 15. The tungsten nitride film 16 
functions as a diffusion prevention film against a 
5 metal material (e.g., Cu) serving as the second 

electrode (to be described later) of the MIM capacitor. 
In addition, the tungsten nitride film 16 is formed 
below the matrix-like second electrode (to be described 
later) to increase the capacitor area. 

10 A silicon nitride film (SiN) 17 is formed on the 

tungsten nitride film 16. The silicon nitride film 17 
functions as a stopper together with the silicon 
nitride film 13 in etching (in trench formation). 

A silicon oxide film (SiC>2) 18 is formed on the 

15 silicon nitride films 13 and 17, and a silicon nitride 

film 19 is formed on the silicon oxide film 18. The 
silicon nitride film 19 functions as a stopper in 
trench formation by the dual damascene process. A 
silicon oxide film (SiC>2) 20 is formed on the silicon 

20 nitride film 19, and a silicon nitride film 21 is 

formed on the silicon oxide film 20. The silicon 
nitride film 21 functions as a stopper in the CMP 
(Chemical Mechanical Polishing) process. 

For example, a matrix-like trench, and a trench 

25 for wiring/pad portions are formed in the silicon oxide 

film 20 (portion above the silicon nitride film 19). 
Trenches (via holes) extending to the tungsten nitride 
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film 16 and metal material (e.g., Cu) 12 are formed in 
the silicon oxide film 18 and silicon nitride film 13. 
These trenches are filled with metal materials 22A and 
22B, e.g., Cu (copper) having a low resistance and 
5 large diffusion coefficient. The metal material 22A 

filled in the trench serves as the second electrode of 
the MIM capacitor. 

In this device structure, when the first and 
second electrodes of the MIM capacitor are made of a 

10 metal material having a large diffusion coefficient, a 

plate-like diffusion prevention film in contact with 
the first electrode, and a plate-like diffusion 
prevention film in contact with the second electrode 
are formed. The leakage current can be reduced without 

15 contaminating the capacitor insulating film by the 

metal material forming the electrode of the MIM 
capacitor. Hence, a high-performance MIM capacitor can 
be provided. 

In the ninth embodiment, the MOS transistor is 

2 0 formed immediately below the MIM capacitor. In this 

way, the MIM capacitor is formed on the inter level 
insulating film on the semiconductor substrate 11, 
whereas an element (e.g., MOS transistor) other than 
the MIM capacitor is formed immediately below the 

25 interlevel insulating film. Elements can be 

three-dimensionally arranged in one chip, which 
contributes to high element density. 
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A general wiring line is formed in the interlevel 
insulating film 2 3 in addition to the electrode of the 
MIM capacitor. In other words , both the electrode of 
the MIM capacitor and the general wiring line are 
5 formed from the same metal material (e.g., Cu). The 

present invention is, therefore, best suited to a 
device having a multilayered wiring structure. 

In the ninth embodiment, the shield line is 
interposed between the MIM capacitor and the MOS 

10 transistor. Since the shield line is fixed to a 

predetermined potential (e.g., ground potential), a 
signal supplied to the electrode of the MIM capacitor 
and a signal supplied to the gate electrode of the MOS 
transistor do not interfere with each other. 

15 Accordingly, this embodiment enables normal 

operation even when the frequency of a signal supplied 
to the electrode of the MIM capacitor and that of a 
signal supplied to the gate electrode of a MOS 
transistor are different 50 times or more. 

20 As has been described above, according to the 

present invention, when the damascene process (CMP 
process) is adopted, and a metal material such as Cu 
(copper) having a large diffusion coefficient is used 
as a wiring material, dishing can be prevented by 

25 forming the metal material (capacitor electrode) into, 

e.g., a matrix shape. If diffusion prevention films 
for directly sandwiching a capacitor insulating film 
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are formed, or the capacitor insulating film itself has 
a diffusion prevention function, metal atoms can be 
prevented from diffusing into the capacitor insulating 
film during the manufacturing process. If the 
5 diffusion prevention film functions as a capacitor 

electrode, the capacitor area does not decrease 
(capacitor capacity can be increased regardless of the 
wiring rule) even when the metal material is formed 
into a matrix shape in order to prevent dishing. Since 

10 the metal material (e.g., Cu) is not exposed in 

patterning the capacitor, contamination by metal atoms 
can be avoided. The capacitor structure is flat, which 
is advantageous for obtaining high reliability. 

Additional advantages and modifications will 

15 readily occur to those skilled in the art. Therefore, 

the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 

20 spirit or scope of the general inventive concept as 

defined by the appended claims and their equivalents. 



